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(54) SURFACE INSPECTION APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a sufficient 
irradiation light intensity and to enhance a detection 
accuracy in a surface inspection apparatus. 
SOLUTION: In the surface inspection apparatus, the 
surface of a substrate 5 is irradiated with a laser beam 
2, scattering reflected light due to the laser beam is 
detected, and a foreign substance is detected. The 
inspection apparatus is provided with an irradiation 
optical system 7 whose light source part 12 comprises a 
plurality of light emitting source and by which the 
surface of the substrate is irradiated with laser beams 
from the respective light emitting sources as luminous 
fluxes whose optical axes are mutually parallel. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Surface-analysis equipment characterized by providing the exposure optical system to 
which a laser beam is irradiated on a substrate front face, the light source section has two or 
more sources of luminescence, and an optical axis irradiates mutually the laser beam from this 
each of source of luminescence on a substrate front face as the parallel flux of light in the 
surface-analysis equipment which detects the dispersion reflected light of this laser beam, and 
detects a foreign matter. 

[Claim 2] Surface-analysis equipment of claim 1 which made parallel to the optical axis of said 
image formation lens the optical axis which has the optical member which it is prepared 
[ member ] corresponding to each source of luminescence, and carries out incidence of the laser 
beam from this source of luminescence to said image formation lens while said exposure optical 
system has one image formation lens, and carries out incidence to an image formation lens from 
said source of luminescence. 

[Claim 3] Either surface-analysis equipment of claim 1 and claim 2 with which said source of 
luminescence was arranged in the shape of a matrix. 

[Claim 4] Either surface-analysis equipment of claim 2 which established an optical-axis 
inclination means to make at least one optical axis incline, on the optical axis which carries out 
incidence to an image formation lens from said source of luminescence, and claim 3. 
[Claim 5] Surface-analysis equipment of claim 2 which has the light source section to which 
incidence of the laser beam from at least one source of luminescence is carried out at an angle 
of predetermined to the optical axis of said image formation lens. 



[Translation done.] 
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damages caused by the use of this translation. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the surface-analysis equipment which inspects 
detailed blemishes, such as a foreign matter with the detailed front face of substrates, such as a 
semiconductor wafer, or a crystal defect. 
[0002] 

[Description of the Prior Art] Surface-analysis equipment irradiates a laser beam on a substrate 
front face, detects the dispersion reflected light produced by the foreign matter and the blemish, 
and performs detection of a foreign matter and a blemish. In addition, as a source of 
luminescence in surface-analysis equipment, although gas laser (helium. Ar, etc.) etc. has 
generally been used, recently, the laser diode (LD) is used from ease [ handling ]. insurance, and 
the reason of long lasting **. 

[0003] Drawing 12 shows the conventional exposure optical system for which the laser diode 
was used as a source of luminescence. 

[0004] With a collimate lens 3, the laser beam 2 emitted from the source 1 of luminescence is 
made into the parallel flux of light, and it is irradiated so that it may condense with the image 
formation lens 4 on the front face (point of the condensing location f with said image formation 
lens 4) of the substrates 5, such as a wafer. Moreover, incidence of said laser beam 2 is carried 
out at an angle of theta to said substrate 5. the location from which the dispersion reflected light 
detector (not shown) separated from the reflected light shaft of said laser beam 2. for example, 
space, — receiving — abbreviation — the dispersion reflected light is detected from a 
perpendicular direction. 

[0005] The wavelength of the laser beam 2 to which detection sensitivity and detection precision 
irradiate a substrate front face, and reinforcement are related. Detection sensitivity can be 
improved by shortening wavelength or raising reinforcement. Moreover, detection precision can 
be improved by extending the exposure range, where reinforcement is maintained at 
homogeneity, with detection sensitivity maintained. 

[0006] In recent years, improvement in much more detection sensitivity and detection precision 
is required of surface-analysis equipment, for example, surface-analysis equipment is required to 
perform the still more detailed foreign matter on the front face of a wafer, and detection of a 
blemish in connection with the densification of a semiconductor device. 
[0007] 

[Problem(s) to be Solved by the Invention] Like, although detection sensitivity and detection 
precision improved by the above-mentioned thing for which exposure light reinforcement is 
increased, when said laser diode was made into the source of luminescence, there was a problem 
that there was little luminescence quantity of light compared with gas laser etc. while a laser 
diode has various advantages, and there was a limit in increase of the detection sensitivity by 
increasing exposure light reinforcement. Moreover, since detection sensitivity of the one where 
wavelength is shorter improves as for the laser beam to irradiate, use of the laser diode which 
emits a blue laser beam with short wavelength is desired. However, the blue laser diode has the 
problem that there is still less luminescence quantity of light compared with a red laser diode 
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etc.. and sufficient quantity of light needed with surface-analysis equipment is not obtained. 
Moreover, although the one where the exposure range on a substrate front face is wider was 
desirable because of compaction of inspection time amount, if the exposure range was extended, 
in order that the reinforcement of an exposure beam of light might decrease, there was a 
problem that detection sensitivity and detection precision fell. 

[0008] In view of this actual condition, sufficient exposure light reinforcement is obtained in 
surface-analysis equipment, and this invention aims at improvement in detection precision. 
[0009] 

[Means for Solving the Problem] In the surface-analysis equipment which this invention 
irradiates a laser beam on a substrate front face, detects the dispersion reflected light of this 
laser beam, and detects a foreign matter The light source section has two or more sources of 
luminescence, and the surface-analysis equipment possessing the exposure optical system to 
which an optical axis irradiates mutually the laser beam from this each of source of 
luminescence on a substrate front face as the parallel flux of light is started. Moreover, while 
said exposure optical system has one image formation lens, it has the optical member which it is 
prepared [ member ] corresponding to each source of luminescence, and carries out incidence of 
the laser beam from this source of luminescence to said image formation lens. The surface- 
analysis equipment which made parallel to the optical axis of said image formation lens the 
optical axis which carries out incidence to an image formation lens from said source of 
luminescence is started. Moreover, on the optical axis which is applied to the surface-analysis 
equipment with which said source of luminescence was arranged in the shape of a matrix, and 
carries out incidence to an image formation lens from said source of luminescence The surface- 
analysis equipment which established an optical-axis inclination means to make at least one 
optical axis incline is started, and the surface-analysis equipment which has the light source 
section to which incidence of the laser beam from at least one source of luminescence is carried 
out at an angle of predetermined to the optical axis of said image formation lens further again is 
started. 
[0010] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained, 
referring to a drawing. 

[001 1] Drawing 1 explains the outline of surface-analysis equipment. 

[0012] Five are a substrate which are inspected objects, such as a wafer, among drawing, and 
surface-analysis equipment mainly consists of the scan drive section 6, exposure optical system 
7, and a detection system 8. 

[0013] Moreover, said scan drive section 6 possesses the substrate attaching part 9 holding said 
substrate 5, this substrate attaching part 9 is supported by the rotation mechanical component 
10 pivotable, and straight-line migration of this rotation mechanical component 10 is carried out 
by the straight-line drive section 1 1 radial [ parallel to the surface of revolution of said substrate 
5]. 

[0014] Said exposure optical system 7 consists of lens group 15 grades which make the front 
face of said substrate 5 condense the deviation optical members 13 and 14, such as a mirror 
which turns the laser beam 2 from the light source section 12 and this light source section 12 
which emits the laser beam 2 which is inspection light on said substrate 5, and said laser beam 2. 
Said detection system 8 possesses the light-receiving detectors 16 and 17 which have the 
detection optical axis which intersects the optical axis of the laser beam 2 irradiated by said 
substrate 5 front face. 

[0015] The surface analysis of said substrate 5 is in the condition which said substrate 5 rotated 
by said rotation mechanical component 10, from said exposure optical system 7, said laser beam 
2 is irradiated by the front face of said substrate 5. and said rotation mechanical component 10 
is further moved to radial by said straight-line drive section 11. 

[0016] **(ing) and carrying out a step feed in a necessary pitch for every one revolution of said 
substrate 5 — or while the irradiating point of said laser beam 2 draws the locus of a concentric 
circle or a spiral circle by carrying out continuation delivery of said rotation mechanical 
component 10 at a predetermined rate, it will move from the core of said substrate 5 to a rim. 
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and the whole surface of this substrate 5 will be scanned by said laser beam 2. 
[0017] In the process in which this laser beam 2 scans the front face of said substrate 5, if there 
are a foreign matter and a blemish, said laser beam 2 will carry out scatter reflection. This 
dispersion reflected light is detected by the light-receiving detectors 16 and 17 of said detection 
system 8 arranged at the position, it is carrying out signal processing by the data-processing 
section which does not illustrate the signal from these light-receiving detectors 1 6 and 1 7, and a 
foreign matter and a blemish are detected. 

[0018] Dr aw ing 2 shows the outline of the exposure optical system 7 of the surface-analysis 
equipment of this invention, and the deviation optical member 13 and 14 grades are omitting 
among drawing. 

[0019] Said light source section 12 has 2 sets of sources la and 1b of luminescence, and laser 
beam 2a from these sources la and 1b of luminescence and 2b are made into the parallel flux of 
light with collimate lenses 3a and 3b according to an individual, respectively, and are condensed 
by the front face of said substrate 5 with one image formation lens 4. Moreover, the optical axis 
of said collimate lenses 3a and 3b and image formation lens 4 has become parallel, respectively, 
and laser beam 2a emitted from said source of luminescence 1a and source of luminescence lb 
and 2b are condensed by the point 18 irradiating [ same ] with said image formation lens 4. In 
addition, the same wavelength is sufficient as the laser beam emitted from said sources 1a and 
1b of luminescence, and it may change wavelength. By the transparency film, since a surface 
reflection factor changes according to wavelength, detection sensitivity is influenced. By 
changing wavelength, the effect to the wavelength of the reflective condition in substrate 5 front 
face decreases. Moreover, the point 18 irradiating [ same ] exists in the focal plane top of said 
image formation lens 4, or near. 

[0020] By said source of luminescence 1a and laser beam 2a from source of luminescence 1b, 
and 2b being condensed by the point 1 8 irradiating [ same ] with said image formation lens 4, 
quantity of light distribution of the laser beam 2 in this irradiating point 18 comes to be shown by 
the continuous line among drawing 3 , and the quantity of light in said irradiating point 1 8 
increases. In addition, it is the quantity of light distribution with laser beam 2a and 2b simple 
substance which is shown with a wavy line among drawing 3 . 

[0021] It **, and even when there is little luminescence quantity of light of the source simple 
substance of luminescence, desired exposure light reinforcement is obtained. 
[0022] Although the source of luminescence was made into 2 sets with the gestalt of the above- 
mentioned implementation, it is also possible to use a majority of 3 or more sets of sources of 
luminescence. 

[0023] Drawing 4 shows the gestalt of the 2nd operation and is much source of luminescence 1a. 

— The case where 1n is used is shown. 

[0024] each source 1 of luminescence — a — In — receiving — respectively — a collimate lens 
3 — a — 3n — preparing — this collimate lens 3 — a — 3n — minding — a laser beam 2 — a — 2n 
carries out incidence to one image formation lens 4 — having — making — said collimate lens 3 

— an a — 3n optical axis is used as the optical axis of said image formation lens 4 at parallel. 
[0025] At the gestalt of this operation, they are all laser beam 2a. — 2n is condensed by one 
point of the irradiating point 18, and as drawing 5 shows, at this irradiating point 18, exposure 
light reinforcement the abbreviation [ n times ] for the single source 1 of luminescence of this is 
obtained. In addition, an axis of ordinate shows optical reinforcement among drawin g 5 , and the 
axis of abscissa shows space. 

[0026] Although the array of two or more sources 1 of luminescence was made into one train in 
drawjng 4 , you may arrange in the shape of a two or more trains matrix. 

[0027] In addition, adjustment of quantity of light distribution at said irradiating point 18 also 
becomes possible because the light source section 12 has two or more sources 1 of 
luminescence. 

[0028] Drawing jj j s the case where it is prepared in the location which showed the gestalt of the 
3rd operation and the sources 1a and lb of luminescence separated with the gestalt of this 3rd 
operation. 

[0029] Collimate lens 3a prepared corresponding to source of luminescence la and this source 
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of luminescence la is prepared on the optical axis which crossed to the optical axis of the image 
formation lens 4 and which location [ an optical axis ] for example, intersects perpendicularly, it 
is reflected in the optical axis of said image formation lens 4, and parallel by reflecting mirror 
21 a, and laser beam 2a emitted from said source of luminescence la is led to this image 
formation lens 4. 

[0030] Source of luminescence lb and collimate lens 3b are arranged similarly, it is reflected by 
reflecting mirror 21b and incidence of the laser beam 2b emitted from said source of 
luminescence lb is carried out to the optical axis of said image formation lens 4 on this image 
formation lens 4 at parallel. 

[0031] Laser beam 2a emitted from said sources la and lb of luminescence with this image 
formation lens 4 and 2b are condensed by the irradiating point 18. 

[0032] What is necessary is just to arrange the source 1 of luminescence, and a collimate lens 3 
on the radiation centering on the optical axis of the image formation lens 4 with the gestalt of 
implementation of the above 3rd, when the source 1 of luminescence is three or more. 
[0033] When the optical axis of a collimate lens 3 is made to incline to the optical axis of the 
image formation lens 4 as shown in drawing 7 , the irradiating point 1 8 moves, therefore, drawing 
8 — like — collimate lenses 3a and 3b — if each optical axis is made to incline, the irradiating 
points 18a and 18b by each sources 1a and 1b of luminescence will shift, and quantity of light 
distribution at the irradiating point 18 will serve as trapezoidal shape like the continuous line in 
drawing 9 . for example, since the range ( width of face) which have predetermined light 
reinforcement become large where it maintain optical reinforcement when shift irradiate points 
18 a and 18 b in the direction which cross to a scanning direction mutually, the rotational 
frequency of said substrate 5 in the case of being able to enlarge movement magnitude radial 
[ for every one revolution in the case of scan ], and scan it completely lessen, where it stabilize 
detection sensitivity, detection precision improve, and inspection time amount shorten. 
[0034] Moreover, as a means to make the optical axis of a collimate lens 3 incline, as shown in 
drawing 10 , the wedge prism 19 is inserted on the optical axis of this collimate lens 3, and 
rotating this wedge prism 1 9 suitably etc. occurs. 

[0035] It becomes possible [ increasing exposure light reinforcement by adjusting quantity of 
light distribution at the irradiating point 18, when precision is required, and extending the 
exposure range, when a patient throughput is required etc. ] to double the exposure condition of 
a laser beam with an inspection situation. 

[0036] In addition, the reflecting mirrors 21a and 21b explained in the gestalt of implementation 
of the above 3rd function also as a means to make an optical axis incline while functioning as a 
deviation optical member. That is. the optical axis which carries out incidence to said image 
formation lens 4 from said sources 1a and 1b of luminescence can be made to incline by making 
said reflecting mirrors 21a and 21b incline. 

[0037] It sets to drawing 4 and is collimate lens 3a. — If a 3n optical axis is made to incline 
gradually as it separates from the optical axis of the image formation lens 4, at said irradiating 
point 18, the quantity of light distribution shown in drawin g 1 1 will be acquired. Furthermore, said 
source of luminescence 1a — In, collimate lens 3a — When 3n is arranged in the shape of a 
matrix, About each train, it is collimate lens 3a. — A 3n optical axis is made to incline gradually, 
and it is collimate lens 3b about each line. — If a 3m optical axis is made parallel Since the 
quantity of light distribution shown by drawing 1 1 for every train is acquired and the quantity of 
light of all trains is further condensed by the same location, the quantity of light distribution and 
the optical reinforcement to which the polymerization of the quantity of light distribution shown 
by drawing 1 1 was carried out by the line count are obtained, it has desired optical reinforcement 
and ** can also obtain the large laser beam 2 of the exposure range. 
[0038] 

[Effect of the Invention] In the surface-analysis equipment which irradiates a laser beam on a 
substrate front face according to this invention as stated above, detects the dispersion reflected 
light of this laser beam, and detects a foreign matter Since the exposure optical system to which 
the light source section has two or more sources of luminescence, and an optical axis irradiates 
mutually the laser beam from this each of source of luminescence on a substrate front face as 
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the parallel flux of light is provided, even if it uses the source of luminescence with little 
luminescence quantity of light, sufficient exposure quantity of light is obtained, and detection 
precision can be raised. 

[0039] Moreover, since an optical-axis inclination means to make at least one optical axis incline 
was established on the optical axis which carries out incidence to an image formation lens from 
said source of luminescence, quantity of light distribution at the irradiating point irradiated by 
two or more sources of luminescence can be adjusted to the quantity of light distribution 
according to an inspection condition. Moreover, since the range which has predetermined light 
reinforcement where optical reinforcement is maintained becomes large, the rotational frequency 
at the time of improving and scanning detection precision completely can be lessened, and the 
effectiveness which was [ shorten / inspection time amount ] excellent is demonstrated. 



[Translation done.] 
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